Land and water resources are generally depleting due to rapid increase in population, urbanization and industrialization. The demand has increased tremendously for these resources; hence optimal utilization of them is essential for sustainable development. In the present study, detailed morphometric parameters of the Banas river basin has been carried out. The river Banas originating from the Khamnor hills of the Aravalli ranges (about 5 kms from Kumbalgarh) is one of the major rivers of the state which, in its entire course, flows through Rajasthan. It flows from Kumbalgarh towards the south upto Gogunda plateau and after cutting the Aravalli ranges at right angles, it flows through Nathdwara, Rajsamand and Railmagra. The total area of the Banas river basin is 702.55 km 2 . Detailed drainage map was prepared from SOI (Survey of India) toposheets (45h/5 and 45h/9) and was updated using IRS-P6, LISS-III (Precision geocoded) data of 7 th May, 2010 using ARC GIS software. For detailed study, Shuttle Radar Topographic Mission (SRTM) was used for delineating watershed boundary using SAGA GIS software. GIS techniques has been used for assessing various morphometric characteristics of the drainage basin, as they provide a flexible environment and a powerful tool for the manipulation and analysis of spatial information particularly for the feature identification and extraction of information for better understanding. In the present study, the GIS analysis techniques were used to evaluate linear and areal morphometric parameters of the basin. Drainage patterns are mainly dendritic to sub-dendritic with fifth order drainage. Banas river basin possess high drainage density which is indicative of less permeable material, sparse vegetative cover and moderate to high relief.
Introduction
Groundwater is the main source of water that meets the agricultural, industrial and household requirements. The morphometric analysis is important for any hydrological investigations like assessment of groundwater potential, groundwater management, pedology and environmental assessment [1] .
Morphometry is the measurement and mathematical analysis of the configuration of the earth's surface, shape and dimension of its landforms [2] . This analysis can be achieved through measurement of linear, aerial and relief aspects of the basin and slope contribution Nag and Chakraborty [3] , Ali [4] .
Morphometric analysis provides quantitative description of the basin geometry to understand initial slope or inequalities in the rock hardness, structural controls, recent diastrophism, geological and geomorphic history of drainage basin [5] . The morphometric study involves the evaluation of stream parameters through the measurements of various stream properties Kumar et al. [6] , Ali et al. [7] , Ali et al. [8] , Pirasteh et al. [9] .
Remote sensing techniques using satellite images are convienient tools for morphometric analysis. The satellite remote sensing has the ability to provide synoptic view of large area and is very useful in analyzing drainage morphometry. The image interpretation techniques are less time consuming than the ground surveys, which coupled with limited field checks yield valuable results.
Study Area
Banas river basin falls in Udaipur and Rajsamand district of Rajasthan. The total area of the Banas river basin is 702.55 sq·km. The study area is located lies between latitude 25˚00'N -24˚45'N and longitude 73˚25'E -73˚45'E falling in Survey of India toposheets No. 45H/5 and 45H/9 on 1:50,000 scale (Figure 1) . The study area falls under tropical climate. It has high temperatures in summer and is very cold in winters. The summers have a mean maximum of 40˚C and a mean minimum of 25.8˚C, while the winter mean maximum is 22˚C and the mean minimum is 8.3˚C. Monsoon arrives in the month of July heralded by dust and thunderstorms. It annually receives around 637 mm of rainfall. This scanty amount of rainfall makes more humid. The humidity reaches to the extent of 90 percent during the month of monsoons.
The river Banas originating from the Khamnor hills of the Aravalli ranges (about 5 kms from Kumbalgarh) is one of the major rivers of the state which, in its entire course, flows through Rajasthan. It flows from Kumbalgarh towards the south upto Gogunda plateau and after cutting the Aravalli ranges at right angles, it flows through Nathdwara, Rajsamand and Railmagra. The river collects the major run-off of Udaipur, Chittorgarh and Bhilwara district by the tributary Berach. This river usually dries up during the summer season. The total length of this river is about 480 kms and its main tributaries are Berach, Khari Dai, Mashi, Dundh and Morel. The river Banas as well as tributaries are ephemeral and flow only in response to heavy precipitation.
Geology of the Area
The ultramafic rocks in the Aravalli Supergroup occur only in the belt south of Nathdwara. The ultramafic rocks also occur as thin conformable bands within quartzite, phyllite and mica-schists in the Jharol belt between Gogunda (24˚46':73˚32') and Jharol (24˚24':73˚29'). Lithologically, the ultramafic rocks are represented by talcchlorite (antigorite) schist and serpentinite with variable proportions of actinolite-tremolite, talc-tremolite, asbestos and dolomite. Magnetite (as well as chrome spinel) is a common accessory mineral.
Materials and Methods
Survey of India (SOI) topographic map on 1:50,000 scale bearing No. 45H/5 and 45H/9 was obtained from Survey of India, Dehradun has been used for drainage map and was updated using IRS P6, LISS III (Precision geocoded) data of 7 th May, 2010. The important information on elevation, watershed boundary, contour lines, major roads, villages or towns and railway networks were extracted from the toposheet and a base map was generated.
The present study utilized digital data of Indian Remote Sensing (IRS P6) LISS III (Path-93 and Row-54) of 7 th May, 2010 having a spatial resolution of 23.5 metre was procured from National Remote Sensing Centre, Hyderabad and a standard FCC was generated. For detailed study, Shuttle Radar Topographic Mission (SRTM) was used for delineating watershed boundary using SAGA GIS software. Drainage map was prepared by on screen digitization using ARC GIS software. Quantitative Morphometric parameters such as stream length, bifurcation ratio and basin area have been calculated through the use of a Geographical Information System using Arc GIS environment. 
Morphometric Analysis

Linear Aspects
Linear aspects include stream order, stream number stream length, mean stream length, stream length ratio, and bifurcation ratio and are discussed below:
Stream Order (U)
Stream Order (U) expresses the hierarchal relationship between the individual stream segments that make up a drainage network. The first step in drainage basin analysis is the designation of stream orders, following a system introduced by [10] . The streams have been ranked following [5] stream ordering system based on hierarchic ranking of streams. In the [11] , a stream segment with no tributaries is a first-order stream, a second-order stream is formed by joining of two first-order streams, where two second-order streams join, the stream is designated as third-order, and so forth.
Stream order of the whole Banas river basin is of fifth order (Figure 2(a) ).
Stream Number (Nu)
The details of stream characteristics conform to [12] "law of stream numbers" which states that the number of streams of different orders in a given drainage basin tends closely to approximate an inverse geometric ratio. According to Horton's principle the number of streams is negatively correlated with the order, i.e. stream number decreases with increase in stream order (Figure 2(a) ).
Stream number (Nu) here supports Horton's law i.e. stream number decrease with increase in stream order in this basin (Figure 3) .
Stream Length (Lu)
The stream length characteristics of the basin conform [10] second "law of stream length", which states that the average length of streams of each order in a drainage basin tends closely to approximate a direct geometric ratio. The numbers of streams of various orders in the basin are counted and their lengths are measured. In general, the total length of stream segments decreases with increasing stream order (Figure 2(b) ). 
Mean Stream Length (Lsm)
The stream length ratio of the Banas river basin ranges from 0.32 -0.51. The stream length ratio (RL) between streams of different orders reveals variation in Banas river basin. This may be attributed to variation in slope and topography.
The mean stream length (Lsm) of a channel is a dimensional property revealing the characteristic size of components of a drainage network and its contributing basin surfaces [5] . In general, mean length of channel segments of a given order is greater than that of the next lower order but less than the next higher order (Figure 2(c) ).
5.1.6. Bifurcation Ratio (Rb) Mean stream length of Banas river basin reveals an increasing trend with the increase in stream order (Figure 4 ). This is a dimensionless parameter that expresses the ratio of the number of streams of any given order (Nu) to the number in the next lower order [10, 13] . [10] considered bifurcation ratio as an index of relief and dissections. [14] demonstrated that bifurcation ratio shows a small range of variation for different regions or for different environment except where the powerful geological control dominates. If bifurcation ratio is not same from one order to its next order, then these irregularities are attributed to geological and lithological development of a drainage basin [5] . Bifurcation ratio is an important parameter that expresses the degree of ramification of drainage network [15] .
The whole Banas river basin is of fifth order. The drainage pattern of the study area is predominantly dendritic to sub-dendritic in nature (Figure 5 ).
Stream Length Ratio (RL)
Stream length ratio (RL) may be defined as the ratio of the mean length of an order to the next lower order of stream segment.
Since bifurcation ratio is a dimensionless property, and drainage systems in homogeneous materials tend to display geometrical similarity, it shows a small variation from region to region [16] . The lower values of bifurcation ratio are characteristics of the watersheds which have suffered less structural disturbances [17] . Whereas higher bifurcation ratio is the result of large variation in frequencies between successive orders and indicates a mature topography [18] . The bifurcation ratio of the Banas river basin ranges from 1.93 to 3.04 and its mean bifurcation ratio is 2.54 which falls under normal basin category ( Table 1) .
Areal Aspects
Areal aspects include drainage parameters such as drainage density, stream frequency, drainage texture, circularity ratio, length of overland flow and constant of channel maintenance which is discussed below.
Drainage Density (D)
Drainage density is defined as the cummulative length of all streams in a basin divided by the area of the basin [19] . It is a measure of average length of streams per unit drainage area, and describes the spacing of drainage channels. Drainage density has been interpreted to reflect the interaction between climate and geology [20] . [12] introduced drainage density as an expression to indicate the closeness of spacing of channels. Thus, drainage density is the ratio of total channel segment lengths cumulated for all orders within a basin to the basin area [16] . It is considered as an important indicator of the linear scale of land form elements in stream eroded topography. Density factor is related to climate, lithology, relief, infiltration capacity, vegetative cover, surface roughness and run-off index. Out of which only surface roughness has no significant correlation with drainage density. The amount and type of precipitation influences directly the quantity and character of surface run-off. An area with high precipitation such as thundershowers loses greater percentage of rainfall as run-off, resulting in more surface drainage channels. Density of vegetation and rainfall absorption capacity of soils, influence the rate of surface run-off and affects the drainage texture of an area. [21] recognized significance of drainage density as a factor determining the time of travel by water and stated that drainage density values between 0.55 and 2.09 km/km 2 correspond to humid regions. [17] found that low drainage density generally results in areas of highly resistant rocks or permeable subsoil material, dense vegetation and low relief. High drainage density results due to weak or impermeable subsurface material, sparse vegetation and mountainous relief. Low drainage density leads to coarse drainage texture whereas high drainage density leads to fine drainage texture.
Banas river basin possess high drainage density i.e.
3.32 km/km 2 which is indicative of less permeable material, sparse vegetative cover and moderate to high relief ( Table 1) . [12] introduced stream frequency (Fs) or channel frequency as the ratio of total number of stream segments of all orders to the basin area. [22] found that lower Fs values indicate permeable sub-surface material and low relief, whereas higher values are the characteristic of resistant sub-surface material, sparse vegetation and high relief.
Stream Frequency (Fs)
The stream frequency of the Banas river basin is 5.49 ( Table 1) .
Drainage Texture (Rt)
Drainage texture (Rt) is one of the important drainage parameters in morphometric analysis, which indicates relative spacing of drainage lines, which are more prominent in impermeable material compared to the permeable ones. [10] defined drainage texture as the total number of stream segments of all orders divided by the perimeter of the watershed. He also recognized infiltration capacity as the dominant factor influencing drainage texture which includes drainage density and stream frequency as well. Drainage texture (Rt) depends upon a number of natural factors such as climate, rainfall, vegetation, lithology, soil type, infiltration capacity, relief and stage of development [23] . [23] classified drainage density into five different classes of drainage texture, i.e. less than 2, indicates very coarse, between 2 and 4 is coarse, between 4 and 6 is moderate, between 6 and 8 is fine and greater than 8 is very fine drainage texture. The soft or weak rocks devoid of vegetation generally exhibit a fine texture, whereas in massive and resistant rocks coarse drainage texture is developed.
The Banas river basin has a value of 24.137 which falls under very fine drainage texture ( Table 1) . Sparse vegetation in arid climate causes finer texture than in humid climate.
Circularity Ratio (Rc)
[24] and [5] , defined circularity ratio (Rc), as the ratio of the area of the basin (A) to the area of a circle having the same circumference as the perimeter (P) of the basin. Circularity ratio (Rc) is influenced by the length and frequency of streams, geological structures, land use/land cover, climate, relief and slope of the basin [25] .
The circularity ratio of the Banas river basin is 0.02 ( Table 1) . This value is an indicative of the lack of circularity. [10] , defined length of overland flow (Lg) as the length of water over the ground before it gets concentrated into definite stream channels. He considered it as one of the most important independent variables affecting hydrologic and physiographic development of drainage basins. The average length of overland flow is approximately half the average distance between stream channels and is therefore approximately equals to half of reciprocal of drainage density [10] .
Length of Overland Flow (Lg)
The value of Length of Overland Flow of the basin is 0.15 ( Table 1 ). The value is equals to the half of the constant of channel maintenance.
Infilteration Number
Infilteration number is the product of the drainage density and stream frequency of the basin. The infilteration number of the basin is 18.28 (Table 1) indicating low infilteration and high run-off. [13] has used inverse of drainage density as another parameter called constant of channel maintenance (C), defined in units of square feet per foot. It has dimensions of length and therefore increases in magnitude as the scale of the landform units increases. In short, it measures the number of square feet of watershed surface area required to sustain one linear foot of channel.
Constant of Channel Maintenance (C)
The Constant of Channel Maintenance of the basin is 0.30 (Table 1) . This low value indicates high structural disturbances, low permeability, steep to very steep slopes and high surface run off.
Result and Discussion
The whole Banas river basin is of fifth order. The drainage pattern of the study area is predominantly dendritic to sub-dendritic in nature. Stream number of the basin decreases with increase in stream order i.e. first order has 2928 number of streams whereas fifth order has 1, supports Horton's Law. The total length of stream segments decreases with increase in stream order. First order has stream length of 1470.48 kms whereas fifth order has stream length of 36.69 kms. Mean stream length of Banas watershed reveals an increasing trend with the increase in stream order i.e. first order has mean stream length of 0.50 kms whereas fifth order has mean stream length of 4.58 kms. The stream length ratio of the Banas river basin ranges from 0.32 -0.51. The stream length ratio (RL) between streams of different orders reveals variation in Banas river basin. This may be attributed to variation in slope and topography. The bifurcation ratio of the Banas river basin ranges from 1.93 to 3.04 and its mean bifurcation ratio is 2.54 which falls under normal basin category. High drainage density (3.32 km/km 2 ) indicates less permeable material, sparse vegetative cover and moderate to high relief in the basin. The Banas river basin has a value of 24.137 which falls under very fine drainage texture ( Table 1 ).
Conclusion
Remote sensing and GIS techniques are convienient tools for morphometric analysis. Detailed morphometric study of the Banas river basin represents dendritic to sub-dendritic drainage pattern with 5 th order drainage. The larger number of first order streams indicate uniform lithology and gentle slope gradient. Banas river basin shows very fine drainage texture. The bifurcation ratio of the Banas river basin is 2.54 which indicate that the basin is normal and the control of drainage network is mainly pronounced by geomorphology. Lower value of bifurcation ratio indicates that the drainage basin is underlined by uniform materials and the streams are usually branched systematically. A plot of logarithm of number of stream vs. stream order shows deviation from straight line indicating regional upliftment. Banas river basin possess high drainage density which is indicative of less perme-able material, sparse vegetative cover and moderate to high relief. Circularity and elongation ratio shows that the basin has elongated shaped.
